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Long-lived:  Run I summary
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cover ~ 16 orders of magnitude in lifetime



How we do it
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Long-lived searches at 8 TeV

• Displaced photon + MET (timing) 

• Displaced photon + MET (conversion) 

• Stopped particles 

• Displaced dimuons (muon system) 

• Displaced dijets 

• Displaced dileptons (tracker)
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Photon + MET (timing)
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Δt

CMS ECAL

[https://cds.cern.ch/record/2063495]

https://cds.cern.ch/record/2063495


Photon + MET (timing)
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Beam halo background
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Halo timing
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RF buckets



Halo timing
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RF buckets



Beam halo background
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Cosmic background
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ECAL APD hits
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Photon + MET (timing) bkgs.
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Photon + MET (timing):  results

0.37 events expected, 1 observed
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Long-lived searches at 8 TeV

• Displaced photon + MET (timing) 

• Displaced photon + MET (conversion) 

• Stopped particles 

• Displaced dimuons (muon system) 

• Displaced dijets 

• Displaced dileptons (tracker)
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Displaced photon (conversion)
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[http://cds.cern.ch/record/2019862?ln=en]

main background:  mis-measured γ + jet

http://cds.cern.ch/record/2019862?ln=en


Conversion results
dxy distribution estimated from CR of γ + jet events 
with no MET
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Long-lived searches at 8 TeV

• Displaced photon + MET (timing) 

• Displaced photon + MET (conversion) 

• Stopped particles 

• Displaced dimuons (muon system) 

• Displaced dijets 

• Displaced dileptons (tracker)
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Stopped particles
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> 1 BX away from collision (+ after fill)

[http://dx.doi.org/10.1140/epjc/s10052-015-3367-z]

http://dx.doi.org/10.1140/epjc/s10052-015-3367-z


Stopped particles:  signature

• ‘jet’ without collision 

• beam halo veto 

• cosmic ray veto 

• electronic noise in calorimeters
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Stopped particles:  results
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Long-lived searches at 8 TeV

• Displaced photon + MET (timing) 

• Displaced photon + MET (conversion) 

• Stopped particles 

• Displaced dimuons (muon system) 

• Displaced dijets 

• Displaced dileptons (tracker)
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Displaced dimuons
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essentially background-free

[https://cds.cern.ch/record/2005761?ln=en]

https://cds.cern.ch/record/2005761?ln=en


Muon-only trigger and reco
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Displaced dimuon:  results
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No events observed



Long-lived searches at 8 TeV

• Displaced photon + MET (timing) 

• Displaced photon + MET (conversion) 

• Stopped particles 

• Displaced dimuons (muon system) 

• Displaced dijets 

• Displaced dileptons (tracker)
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Displaced dijets
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[http://journals.aps.org/prd/abstract/10.1103/
PhysRevD.91.012007]

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.012007
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.012007


Displaced dijets — background
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Displaced dijet:  signal variables
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Displaced dijet — results
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Long-lived searches at 8 TeV

• Displaced photon + MET (timing) 

• Displaced photon + MET (conversion) 

• Stopped particles 

• Displaced dimuons (muon system) 

• Displaced dijets 

• Displaced dileptons (tracker)
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Pairs of displaced dileptons
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Displaced lepton tracking eff.
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Background estimation
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Displaced dileptons — results
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Long-lived searches at 13 TeV

• Heavy Stable Charged Particles (HSCPs) 

• Displaced leptons — eµ channel
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HSCPs: energy loss

37[https://cds.cern.ch/record/2205281]

https://cds.cern.ch/record/2205281


HSCPs:  TOF
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HSCPs:  backgrounds (tracker only)
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HSCPs:  backgrounds (TOF)
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HSCPs:  results
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HSCPs:  results
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Long-lived searches at 13 TeV

• Heavy Stable Charged Particles (HSCPs) 

• Displaced leptons — eµ channel
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Displaced leptons (eµ)
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[https://cds.cern.ch/record/2205146]

https://cds.cern.ch/record/2205146


Displaced leptons:  strategy
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Displaced leptons:  strategy
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Displaced leptons:  strategy
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Displaced leptons:  strategy
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Displaced leptons:  strategy
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Displaced e(µ) modeling
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CR III CR IV

displaced e displaced µ



Displaced e(µ) modeling
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CR III vs II CR IV vs II

displaced e displaced µ



Displaced eµ: results
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Displaced eµ:  results
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Future directions

• Currently updating 8 TeV results to 13 TeV 

• New analyses based on new triggers — e.g. 
dedicated trigger for displaced jets 

• Systematic re-interpretation of prompt search 
results in terms of long lived signatures
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